Propagation properties of light in optomechanical waveguides arrays (OMWAs) are studied for the first time, to the best of our knowledge. Due to the strong mechanical Kerr effect, the optical selffocusing and self-defocusing phenomena can be realized in the arrays of subwavelength dielectric optomechanical waveguides with the milliwatt-level incident powers and micrometer-level lengths.
When light propagates through the DCB, the OGF density (N/m/W) between the waveguide and the substrate can be calculated by 1 ( )    eff n n f g c g , 40 where c is the light speed in vacuum. As shown in Figure 2b , neff is inversely proportional to the gap g. Therefore, the OGF is attractive (fn (g) < 0) and it is inversely proportional to the gap g as well. The attractive OGF bends the waveguide towards the substrate. The deflection of the waveguide is dependent on the distribution of the optical power along the waveguide, which will change the mode field distribution and neff.
Hence the coupling coefficient between the adjacent waveguides and the phase of light (i.e. φ = φ0 + k0 • neff • L) are related to the optical power in the waveguide, which is similar to the conventional optical Kerr effect. Figure 2c describes the electric field distributions of the eigenmodes in the two coupled waveguides under different deflection conditions. In the top two pictures of Figure 2c , g1 = g2, this means that it is a symmetric directional coupler. However, as shown in the bottom two pictures of Figure 2c , there is the deformation-induced mode mismatching. The coupler becomes asymmetric and the coupling between the two waveguides is weaker. In order to analyze the light propagation in the OMWA, we numerically calculate the coupling coefficient between the two waveguides versus g1 and g2 in Figure 2d . It can be found that there is a maximum coupling coefficient when g1 = g2 = 125 nm.
Although the light coupling between the adjacent waveguides means that there is the horizontal optical force between the adjacent waveguides, the horizontal separation S is relatively large so that the horizontal optical force between the adjacent waveguides is ~10 -6 nN/μm/mW. It is at least two orders of magnitude smaller than the vertical optical force between the waveguide and the substrate. Hence in the following simulations, the horizontal optical force is neglected and only the power coupling between the adjacent waveguides is considered. We consider a Gaussian beam as the incident beam. The light propagation in the OMWA is described by the coupled mode equations:
n n n n i z i z n n n n n n n dA z i z A z e i z A z e dz (1) where An (z) is the slowly-varying complex amplitude of the mode field in the n-th waveguide, κi, j (z) is the coupling coefficient between the i-th and j-th waveguides, and δi, j (z) = (βi (z) -βj (z)) / 2 represents the detuning of the propagation constants between the i-th and j-th waveguides.
Besides, the waveguide deflection u (z) is determined by Euler Bernoulli beam theory with the
where E = 300 GPa is the Young's modulus of Si3N4, 49 I = w 3 h/12 is the area moment of inertia of the DCB, P(z) is the optical power distribution along the DCB, and fn is a function of z as well.
Once the initial optical field distribution in the OMWA and the incident power are given, the optical force distribution and the induced waveguide deflection can be calculated. The deflection will reversely influence the optical field distribution, leading to a new optical force distribution.
Therefore, after certain iterative loops, a stable optical field distribution and waveguide deflection will be obtained.
The full width at half maximum of the incident Gaussian beam is set to be 3 μm. When the waveguides. In this case, the OGF is so small that the deflection of the waveguide can be neglected, and thus Δneff of the waveguides are almost the same, as shown in Figure 3d . In other words, the mechanical Kerr effect is weak. When the signal power continues to increase, the deflection of the waveguide will be larger, but it is different for each waveguide because of the different optical power distributions along the OMWA. When the signal power is 0.8 mW, according to the optomechanical coupling, the neff distribution of the OMWA will look like a "convex lens" at the final steady state. As a result, the light beam propagating through the OMWA exhibits the selffocusing effect as depicted in Figure 3b and then neff of the whole waveguide changes. Therefore, limited by the deformation manner of the waveguide, the spatial soliton is difficult to be obtained in the OMWA, but the strong selffocusing effect with a milliwatt-level incident power and micrometer-level waveguide length is realized, which is extremely challenging in the conventional nonlinear waveguide systems. It is important to note that, because of the complex spatial distribution of the mode field of the freestanding waveguide, the coupling efficiency does not change monotonously with the increasing of g2 (g1) for fixed g1 (g2), as shown in Figure 2d . There is a threshold for the signal power, where the coupling strengths at the position around z = 300 μm between the central waveguide and its adjacent waveguides get the maximum values. Once the signal power is larger than the threshold (about 1.795 mW), the deflection of the central waveguide will be larger, but the coupling coefficients decrease. Therefore, the optical field initially distributed in the other waveguides will concentrate to the central waveguide, and the deflected central waveguide will touch the substrate suddenly.
In this system, the coupling between the adjacent waveguides is a form of discrete diffraction, which is described by the diffraction coefficient The diffraction is normal in the range of |kxS| < π/2. In the positive Kerr nonlinearity system, when the Kerr effect compensates the normal diffraction, the spatial soliton appears. With the continuous enhancement of the Kerr effect, there is the self-focusing of the light beam, as shown in Figure 3 .
The diffraction becomes anomalous in the range of π/2 < |kxS| ≤ π. Therefore, by introducing a relative phase shift between the adjacent waveguides at the input port, the light propagation properties will be different. Here, by adjusting the incident angle to about 22.8 degrees, we introduce a π phase shift between the adjacent waveguides (kxS = π), and then the diffraction becomes anomalous. Under the lower incident power, the light beam in the OMWA broadens as well, as shown in Figure 4a . However, when the incident power increases, the output light beam does not focus as it is normally incident but rather spreads and becomes significantly wider, as shown in Figure 4b , c. This is exactly opposite to the self-focusing effect, and called selfdefocusing.
As shown above, the spatial distribution of neff can be controlled by changing the optical power and the incident angle. Accordingly, the propagation path of the signal light can be controlled by a control light with a milliwatt-level power, which means that there is strong nonlinear interaction between the signal light and the control light. In order to describe the phenomenon, the signal light with a power of 1 μW is incident under the condition of |kxS| = π/2 by adjusting the incident angle to about 11.7 degrees. As depicted in Figure 5a mW is needed to reflect 90% of the signal light.
CONCLUSION
We proposed an optomechanical discrete system and investigated the light propagation properties Coupling coefficient between the two waveguides versus the gaps. 
